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PRXTACXt 

lh«  author  hat  aada  a  atudy  of  this  subjoet, 
both  the  thooratleal  a&d  th«  prattioal  aidas^  duriag 
the  eight  years  he  was  nith  the  Mechanical  aagineer- 
iag  Department  of  the  Osaka  Higher  Teehuieal  College 
and  his  diseussions  are  based  upon  the  data  the 
author  accumulated  ndiile  in  Japan. 

Poner  plants  in  Japan  have  undergoxie  marvelous 
dereloxmcnts  nithin  the  last  ten  years.        Yet  these 
establishments  have  generally  followed  the  technique 
of  European  and  American  plants  in  their  preparation, 
modified,  of  course,  by  local  condition.      Naturally 
the  principal  machineries  have  to  a  large  extent  besn 
imported  from  foreigi  countries.        It  is  to  be  noted, 
hoiTOTer,  that  in  recent  years,  priffle-movers  and 
generators  have  come  to  be  turned  out  from  domestic 
factories.         But  before  the  opening  the  present  nar, 
it  ms  more  economical  to  use  the  imported  machine- 
ries. < 
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The  eo»t  of  •stRblishlng  and  operating  power 
plants  are  always  subject  to  local  and  labor  conditions 
and  their  estimates  vary  more  or  less  as  compared  with 
those  of  European  or  A»eriean  plants. 

In  the  following  pages,  the  auther  will 
endeavor  to  illuminate  upon  the  subject,  basing  the 
figures  upon  i*»at  he  has  been  able  to  investigate 
along  these  lines  during  the  past  few  years  while  in 

Japan. 

The  author  wishes  to  express  his  gratitude 
and  indebtedness  to  Professor  G.F.Cebhardt, 

T.  S. 
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COST  or  POWER  IN  JAPAN 
(10000  K.W,  STEAM,  GAS  AND  HYDROELECTRIC  PLANTS) 

INTRODUCTIOR. 

Thez*e  are  three  types  of  power  plants  for  the 
production  of  eleetrie  current  for  the  comae rcial 
purposes  mt  this  time,  __Steam  plants.  Gas  plants  and 
Hydraulic  plants. 

In  the  last  few  years  there  has  been  tremendous 
progress  and  rapid  improvement  In  steam  turbines, 
internal  combustion  engines  and  hydraulic  motors. 
Hence  the  selection  of  a  power  plant  of  any  one  of  these 
types,   for  the  production  of  eiectric  current  is  a 
matter  of  great  importance. 

However,  the  essential  problem  is  to  provide  a 
power  plant  at  a  minimum  cost  consistent  with  g  'od 
and  durable  engineering  work,  together  with  subsequent 
minimum  resultant  working  cost. 
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GENERAL  DESIGN  OF  10000  K.W,  POWER  PLANT. 

The  cost  of  a  power  plant  depmds  upon  its 

charactor  and  equipment  and,   to  a  very  great  extent, 

upon  ita  capacity.         Heaace  before  making  a  comparison 

of  the  plants  TAether  steam,  gas  or  water,   it  is 

necessary  to  describe  the  general  installaticMa  of  the 

power  plant  to  be  designed. 

General  data  i 

Locatoln  Tokyo,  Japan. 

Charactor  of  load  Light  and  power. 

Capacity  of  plant  10000  K.  W. 

THE  SELECTICH  OF  SITE. 
The  important  points  nhich  have  to  be  consider- 
ed in  the  cases  of  steam  and  gas  plants  are  as  follows: 

1.  A  plantiful  supply  of  water  for  cooling. 

2.  Transport  of  fuel, 

3.  Suitability  of  site  relative  to  the  position 
of  center  of  distributing  area,  as  affecting 
eost  of  feeders. 

4.  Liability  of  nuisance  to  adjoining  properties. 


5.  Cheapn988  of  land. 

6«  Cost  of  constructing  foundatitm  for  plant, 
buildings  and  chimneys. 

In  the  case  of  hydro- electric  plant  the 
location  of  aain  power  station  is  situated  a  long 
distance  from  the  city  and  the  selection  of  it  is 
decided  by  the  water  poner  to  be  used,  but  the  points 
for  consideration  are  : 

1.  Suitability  of  site  relative  to  positicm  of 
center  of  distributing  area,  as  affecting 
cost  of  feeder. 

2.  Ob  the  contrary  to  the  above,  ramote  from 
towi,  as  affecting  the  danger  tothe 
inhabtants. 

3.  Cheapness^  of  lend. 

4.  Cost  of  constructing  foundation  for  plant, 
and  buildings. 
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POWER  STATOIN  EQUIPMERT, 
(A)  OMERATORS. 

Si«aiii  plant.-  Thara  ar«  5  units  of  three  phase, 
2000  K.V.  each  rated  out-put  with  over  load 
capacity  33.5  per  cent.         The  available  K.W. 
demand  is  therefore,    say  8000,   allowing  one 
unit  in  reserve. 

Gas  plant.-  Ihere  are  7  units  of  three  phase, 
1450  K.W.  nomal,    1600  K.W.   over  load. 
In  the  ease     of  a  gas  plant  it  must  be  remea- 
bered  that  the  engines  are  incapable  of  more 
than  12  to  15  per  cent,  overload. 
The  available  K.'Jf,   demand  is  therefore,    say 
7500,   a].lowable  twq  unit^  reserve  or  one  set 
in  reserve  and  one  under  repair,   asjin  resonable 
in  a  coiamercial  gas  power  station. 

Hydro-elecrlc  plant.-  Sh«re  are  7  units  of  throe 
phase,   1650  K.W.  uoraal,   1980  K.W.  overload. 
Water  turbines  are  about  the  same  over  load 
capacity  to  gas  engines,   and  there  ar©  the 
transmission  line  loss  of  IG  per  cent.,   and 
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th«  loss  due  to  step  itp  and  step  dowi  transfor- 
mers of  2  per  e«xt.,  h«iee  it  has  the  same  aa 
amount  of  out-put  on  the  sidteh  board  of  the 
substation,    as  the  other  plants. 
(B)  PRIME  fJOVERS. 

Steaia  plant.-  5-Parsons  horitontal  steam  turbines 
to  be  directly  coupled  with  generator. 

Gas  plant.-  7-  Low  speed  horizontal  double  acting 
tandem  gas  engines  to  be  directly  coupled  with 
generator. 

Hydro-electric  plant.-  7-Voith  high  head  water 

turbines  to  be  directly  coupled  with  generator, 
(«)   STEAM  BOILER, 

Steam  plant,-  20  -  Water  tube  type  300  H.P,   boilers 
taking  the  steam  consumption  of  turbo-generator 
under  working  conditions, including  the  steam 
for  auxiliaries,   to  be  ammounted  ?,0  pounds  per 
K,W,  generated,   and  five  boilers  consist  a  set 
of  battery. 
Thvre  are  fitted  with  4  Greens  eeonomisers. 


(D)  OAS  PRODOCER, 
Om  plnat.-  4-0ii«  producer*  with  raoovery. 

4<^8  produe«ri  without  recovery. 
Sxperl«ii9G  Indicates  that  it  is  only  worth 
•hilt  to  recover  suli^hate  of  aamonia  in  plaate 
having  a  larger  demand  thnn  3000  K.P.»aad  then 
only  on  the  higher  load  faotors*  Th«n  an 

estimate  may  be  made  by  the  designer  i^ether 
it  will  ?fty  to  introduee  this  iaor«  costly  appa- 
ratus or  not.        There  are  th©  additional  cost 
of  aulpharic  acid  and  bngs  to  pack  the  sulphate 
of  amonia.  Another  points  which  out>  t  to 

be  eoneiderei  is  whether  a  comnroaise  may  not 
be  ecaa<%iiCiCly  affected  hy  introducftag  *o  many 
recovery  units  to  deisd  «&th  the  long  hour 
running  sets,  md  nonreeoveiy  mlts  for  the 
peak  sets, 

(X)  IttTER  WAT. 
Ilydro-^leetrlc  pl'unt.*  The  installatioa  esot  per  K« 
W,  varies  tjreatly,  depending  on  local  conditions. 
It  is  usually  considered  that  &  cost  of  ^6,50 


p«r  kilowatt  renresents  the  average  of  ordinary 
eon  at  ruction. 

(F)  SUBSTATIOIT. 

Hydro-elect rie  plant,-  There  are  7  sets  of  SOOO  K, 
W.  step  dona  transformers  and  the  accessories. 

(G)  TRANSMISSIOH  UNE. 
Hydro-electric  plant.-     This  is  depending  upon  the 

distance  from  the  power  station  to  the  substation 
and  in  the  case  assime  that  a  cost^  of  $35.0  per 
kilowatt  represents  the  aTerage  of  ordinary  con- 
struction. 

(H)  WUKDATIQN,    SETTING  AND 
iSECTING  EXPENGES. 
These  exp«ices  are  depending  upon  the  eharaetor, 
and  sits  of  machines  to  be  settled,   and  the  averaged 
values  are  as  follows.- 
Steam  plant. - 

7  to  o  per  cent,   of  tlie  cost  of  generating  room 

machinaries. 
3to  4  per  cent,  of  the  cost  of  steam  boilers  and 
accessories. 


Gas  plnnt.- 

8  to  10  per  cent,  of  the  cost  of  generating  room 
aachinaries. 

1  to  1,5  per  cent,  of  the  cost  of  gas  producers. 
Hydro-electric  Tjlant,- 

10  to  IS  per  cent,  of  the  cost  of  power  statian 
jaachineries,  including  the  expence  of  exhaust 
water  vjay. 

Setting  end  Erecting  Expeaoes, 
Steam  plant, - 

a  per  cent  of  the  cost  all  machineries* 
Gas  plant. - 

2  per  oent.  of  the  eost  of  goierating  room 

maehineries. 

3  per  cent,  of  the  cost  of  producers. 
Hydro-electric  plant ,- 

Z  per  cent,  of  the  cost  of  pov;er  station 

mnchineries. 
1,5  per  c(mt.  of  the  eost  of  substation 

BAChineries. 
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LAin)  AND  BUILDirrG. 
Th«  •stimated  eosts  of  land  and  building  art 
detenaind  on  the  basis  of  cost  per  6  feet  square  of  the 
space  in  Japm  (   colled"One  Tsubo"). 
Stena  plant.- 


L«d 

1084U 

sq.ft. 

18,069.00 

Building 

38700 

N 

Total 

96,750.00 

414,819.:  C 

Gas  plant.- 
JmA 

133668 

sq.ft. 

22,270.00 

Building 

378C0 

m 

Total 

94,500.00 

116,778.00 

Hydro-electric 

plant. - 

Power  Stations 
Lnd                22766 

sq.ft. 

3,162.00 

Building 

15192 

N 

42, 200. CO 

Substation! 

Laid 

16592 

n 

2,832.00 

Building 

507C 

R 

Total 

12,690.00 

60,884.00 

II 


CAPITAL  COST. 
St«aiB  Plaat.- 
6  -2000  K.W.  Parsons  turbogenerators 

^th  SDitehboai>d 3  and  aecass«ries.  201,735.00 

5  -Surface  ewidensers  fdth  pumps.  71,635,00 

Cooling  tower  plunt,  37,500,00 

20  -Water  tube  boilers  vith  meehnnieal 
stokers,   oconomizers,   superheaters, 
feed  pumps,   tanks  snd  all  pipe  nork.         198,630,00 
Chimeys  wad  flues.  31,600.00 

Exeiters.  8,330.00 

Orerhead  travelling  crane,  4,465.00 

Land  and  building  114,819.00 

Steel  struetuaL  work,   coal  bunkers,   coal 

and  ash  handling  apparatus.  45,000,00 

Water  well  and  pumps.  6,265.00 

Foundation  and  setting  ets.  41,200.00 

Total  760,579.00 

^76.1  per  K.W.  generated. 


Oas  Plant. - 
7     Gas  engines  of  6  cylinder  2  tandflm, 

with  eoaplet*  accessories.  576,PP0.0O 
7     Bmtm  Peebles  3  phase  alternators, 

345C  ▼olts,   5!?  cycles.  184,950.00 
4    Ifond  g«s  producers  and  accessories 

with  aumnonia  recovery  plant.  172,000.00 
4    Ibnd  gas  producers  and  accessories 

without  recovery  plant.  81,500.00 

St««a  riising  plant.  15,350.00 

Water  cooling  towers.  4,500,00 

Compressed  air  plant.  3,800,00 

Steam  boilers  with  fittings.  67,000,00 

Exciters  with  steam  engine.  12,500,00 

Overhead  travelling  crane,  ll,400.Cr 

Ferrenti  switchboard.  11,350.00 

Land  and  building,  116,778.00 

FoundatiCKi  and  setting  etc.  105,000.00 

Total  1293,028.00 
$129.4  per  K.W.  of  station  capacity. 


Hydro-elcetiiie  Flaat.-  I4 

(1)  Power  station. 

W«t«r  wtyi  Mid  pipes.  798,0' C .00 

7  Wtstinghouse  1650  K.ViK  3  phase,  50  eyele 
3300  volts,  generators  with  ndtehboards 
etc., and  2  of  150  K.W.  exciters.  77,190.00 

7     2500  H.P.  Voith  water  turbines  with 
goveinors  and  2-250  H.P,  turbines  for 
exciters.  42,810.00 

7     2000  K.W.  Iraasfomtrs,  29,850.00 

2     Route  transmission  line  50  miles.  350,000.00 

Oveziiead  travelling  crane.  4,465.^0 

Transporting  ex-oonce.  16,350,00 

Land  and  building.  45,362.r0 

Foundation  and  setting  etc.  39,700.00 

(2)  Substation. 

7    Traasfonners  and  svdtchboards  ete.  3»,795,00 

Land  and  building.  15,522.00 

Foundation  and  setting  etc.  1,250.00 


Total  «&])  over        1453,334.00 
$145.4  per  K.W.  of  distributing  switchboard 
at  substation. 
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OPERATIWO  COST. 

(A)  FUEL. 
Th9  points  ^ieh  have  to  be  considered  in  th« 
fuel  of  steam  and  gas  power  slants  ar*  as  fol.ows; 

1.  The  actual  output,  iriiioh  in  an  electric  generating 
plant  will  be  expressed  in  K.W.  generated. 

2.  Ihe  no  load  losses,  #iiah  include  inindage,  end 
electrical  losses  ineured  inrunning  the  generator 
on  open  circuit,   together  with  all  power  required, 
for  exciters,  pumps  andother  auxiliaries. 

3.  Stand  by  losses  of  banking  boilers  or  producers. 

4.  The  ratio  of  the  actual  ascertained  fuel  consump- 
tion under  day  by  day  norking  conditions  to  the 
theretical  con sumption  base  upon  test  results 
applied  to  thea  1,2  and  3  #iich  is  called  dis- 
cpepaaey  factors. 

Steam  plant._ 

Total  coal  consumptions    31,966  tons  per  year, 
i.  e.       3.48  pounds  per  K.W.  hr. 
Cost  of  coal  per  ton  |  3.50 

B.t.u.  per  pound  13,000 
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Th«i  th*  total  eest  of  eoal  p«r  aaaua  n^lll,888.00 

Oas  plant.- 

Total  eoal  eonaumptoin  c  19,646.4  t<Ms  per  yoar. 

i.e.       2.09  pounds  per  K.vr.  hr. 

And  the  eoal  is  same  -^s  in  above  ease,   then  the 

total  cost  of  coal  per  annim  is  ?  68,762.50. 

Sulphate  of  Aomoniat 

In  this  gas  plant  vill  produce  about  561 

tons  of  sulphate  of  acmonia  in  the  recovery 

apparatus.         Assuming  the  market  price  of  the 

sulphate  of  anmonla  is  $  55  per  ton,   thwi  the 

amount  of  this  byproduct  is  v  30,855.f;c  per 

year. 

(B)  on. 

The  cost  of  lubrcating  oil  is  *  0.475  per 
gallon. 

Steam  plant. < 

^  0.00007915  per  K.W.  hr.  generated 
i.e.     Cost  of  oil  per  year  «  $  1,662.15 
Gas  plant.o 

0.37  gallon  per  1000  H.P.  hr.   of  the  gas  engines 
i.e,     12,932  gallons  per  year,   and  its  cost  is 
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I  6,143.70 

Hydro-«lectric  plant. - 

The  avarmg*  oil  consiuaption  is  $  0.0000189 
par  K,W.  hr.  Hauee  total  cost  of  oil  par 
yaar  is  t  398. CO. 

(C)  WASTE. 
Steea  and  Gas  plants. - 

The  average  amount  is  $  0.0C004  par  K,W.  hr, 
generated,   i.e.   $  840.0'^  per  year. 
Hydro-electric  plant. - 

The  average  amount  is  v0.00CC03o4  per  K.W. 
hr.  generated,  i.e.   $  83.41  par  year. 

(D)  SULPHURIC  ACID. 

Sulphuric  acid  has  to  be  added^^  1  ton  of 
sulphuric  being  required  for  each  ton  of  sulphate 
of  anmonia  obtained.         Hence  the  total  aaount  of 
sulphuric  acid  required  i»  561  tons  per  year,   and 
it     should  cost  $  9. CO   a  ton;   i.   e.  the  total  cost 
of  sulphuric  add  is  $  5,274.00  par  year. 


(E)  LABOUR  CHARSE. 
Stefiun  Plant! 

1  Charge  wigineer  ^  1,0C0  per  y»ar 

2  Assistant       •♦         ($25  9  month)  ec     "       " 

3  Switchboard  attendants  (vl2.5  ")  450"" 
3     DriTera                         (vS.SC  Q  jUy)  540     "      " 

2  Assistant  drivers       ($.20  o  day)  iU     "       " 

3  Tire  man  ($.30  "  )  324  "  " 
9  Boiler  house  hand  ($.20  "  )  486  "  " 
3     Men  for  coalAArfi  handling  ($.20   "  )       162     "       " 


Sbtal  labour  eharge  per  year 

$  3,706.00 

Gas  Plant: 

1     Charge  engineer  $  1,000  per  year 

1  Cheodst  600     "  " 

2  Assist,  engineers       ($25  9  month)  600     **  " 

3  Switchboard  attendants   ',$12.5  "   )  450     "  " 
10     Drivers                          ($.50  9  day)         1,800     " 

2  Cleaners  (♦.20       "     )  144     "  " 

3  Producer  hand  ($.50       "     )  540       "  " 

6  Assistant     "  ($.30       "     }  648     "  " 

7  Ammoni--  recovery  ha^id     ($.20  "  )  504     "  " 
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2    Han  for  omiI  &  ash  handling 

(  $.2C  Cj  day)  $  144  »•#  yaar 

Total  labour  charg«  por  yaar      $  6,430,00 

Hydro-eloctrie  Plant: 

(1)  Powor  station. - 

1     Charge  enginoer  |  1,000  per  yoar 

1  Civil  enginaer  6C0     "       " 

2  Assistant  engineers  ($25  S  month)         6C0     "       " 

1  Atlistant  oivil     "     (       "         "     )         300"" 

3  Switchboard  attondants  (yl2,5  "  )         450     "       " 
3     Drivers  (|.50  a  day)         540     "       " 

2  Assistant  drivors         (y.2C       "     )         144     "       " 

3  Men  for  wntching  water  way   (   "     )         162     "       " 

(2)  Substation, - 

1  Chargo  engineer 

1  Assistant       " 

1         "         "     charging  transmission  lina.  300 

3  Switchboard  attendants  ($12.5  9  H,    )  450 

1  Cleaner  ($.2C  9  day   )         72 

6    Men  for  watching  transiaission  line 

(*.30  9  day  )       648 


450  per  year 

300     "       " 


Sotsl  labour  charge  p«r  year  $  6,016,^0 


(r)  MAINTEIIANCE. 
The  total  expvaeea  of  repairs  and  malntMane* 
to  the  entire  plants  in  steaa  and  gas  are  0.9  to  1  eet. 
per    unit  generated,   and  for  the  hydro-electric  plant 
Z  per  cont.   of  the  fixed  charge, 
Ste.'ui  and  Oas  plants. - 

$  20,000,00  per  year. 
Hydro-electric  plant. - 

*  27,960,00  per  year. 
(G)  DEPRECIATION. 
This  depend  on  how  the  plants  are    worked 
and  aainained,   and  upon  the  load  factor  of  the  plnat. 
It  aay  generally  be  taken  at  5  per  cent,  over  the 
^ole  yilant. 

Steam  plant: - 

$  38,029.00 
G&8  plant  .- 

t  64,653.90 
Hydro-electric  plant. - 
$  72,666.70 
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(I)  INTEREST, 
This  depends  ,of  course,  upon  oonditionst 
e.g.  ishsthsr  nixmlolpal  or  private,   and  also  upon  th* 
Bttndino  of  the  company.       Interest  usually  calculat- 
ed ftt  5  per  cent. 

Steam  plant. - 

*  36,029,00 
Gas  plnnt,- 

$  64,653,90 
Hydro-electric  plant, - 
$  72,666,70 
(I)  TAXES  AITD  INSURANCE. 
Thene  depead  upon  the  loe«tion  of  the 
!a.«it,  hat  m  RfornQe  ehRrge  for  this  itata  is  1,5 
per  ceat.of  the  f i  ed  charge  of  thtlplnat, 
Stena  plant.- 

^   11,30C,0C 
See  plsnt.o 

$  19,337,00 

Hydro-eleotrie  plant,- 

$  81,750,00 


